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ACOUSTIC VELOCITY - EREADBOARD TESTS 

Surmnary 

Surface velocity measurements with breadboard zpparatus 

have been made (in a i r )  on dry sandy so i l ,  moist clay, loose dry 

sand, and concrete slab. Subsurface measurements were made in 

moist clay, and i n  stacked cubes of hard rock. Also, a subsurface 

test  w a s  made with the sonde buried i n  loose sand. These tests 

t 

included use of both geophones and accelerometers as detectors, 

and both explosive and dropped weight as acoustic source. 

explosive source w a s  tested wherein the gases 

exposed t o  the material under test, and vhsrein the gases w e r e  

confined within a rubber diaphram and exhausted away from the 

material. 

The 

w e r e  d i rect ly  

The resu l t s  of these tests, with additional consideration 

fo r  weight and s i ze  limitations, and environmental conditions, 

indicate tha t  geophones on the surface and an accelerometer i n  the 

preferably be of the explosive type. However, vacuum tests viith 

the breadboard equipment, presently beizg made by Jet Propulsion 

Laboratory, w i l l  have t o  dictate the f iaa l  choice as t o  whether 

or not the explosive can be used, and i f  so, whether or  not it be 

of the enclosed type. 

Preliminary reports from the vacuum tests indicate tha t  

the gas wave given off from the open type explosive source does 

not produce objectionable signals a t  the geophone detectors. 

1:794.36-1 



However, this source holder, when used i n  vacuum, recoi ls  

violently from the surface and is therefore objectionable. 

enclosed type source holder (having hemisphergcal rubber diaphram 

The 

between source and surface, and having gases vented away fram 

the surface) w a s  found t o  be reasonably stable. These vacuum 

tests w e r e  made on unconsolidated, fine-grain sand. 

The framework of the open type explosive source holder 

used i n  these tests is Shawn in Fig. 19. 

X-31l.B Mild Electric Inftiators) were mounted in the c l ips  pro- 

vided, and the "wire-breaks" for sync. (#% wire) w e r e  mounted 00 

terminals near the source. 

then packed with glass wool. 

wool were used t o  prevent detonation of one explosive by another. 

These provisions w e r e  found t o  be more than adequate for  the 

purpose. 

Six ( 6 )  sources (Wont 

Each or the six "compartments" were 

The compartmenting and the glasa 

For the enclosed explosive source tests, the aluminum 

''shell" shown i n  Fig. 20 was used. The aforementioned source 

holder was  mounted inside the shel l ,  and leads brought out on 

teflon feed-thru terminals, A hemisphere of rubber, 5 in. dia. 

by 1/8 in.  thick, was clamped over the opeqing of fie aldmnm 
..-I SKleLL -I.. e 
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hemisphere making contact w i t h  the surface. 

explosion w e r e  vented out the top through a tube. 

enclosed type source of th i s  type w i l l  probably require that tt 

be mechanically attached t o  the spacecraft. 

The gases fram the 

Use ob an 

This is undesirabl. 
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since the attachment offers an acoustic path through the space-. 

c r a f t  t o  the detectors, 

tive. Such attacheent zeeds t o  assure tha t  the source be placed 

in"its  correct position on the surface with a selected side down 

and to offer shock mounting, especially for  ver t ica l  movement. 

However, there appears t o  be no alterna- 

-. 

The acoustic energy frun an impact hammer has been found 

t o  be reasonably satisfactory for  t h i s  measurement i f  the hameet 

is made t o  impact against a sol id  object which has been placed on 

the surface, 

satisfactory. 

extreme weight limitation and/or mechanical manipulation require- 

ments, Also, the source needs t o  be acoustically "quiet" 

immediately before impact. 

dropped from a height of 1 f t ,  could approximately simulate the 

explosive source. 

by use of an accelerometer mounted on the "hamaer" ,(or on the 

lmpact block). 

An impact direct ly  against the surface is  not 

The major problem with t h i s  type source fs the 

It was found that  a 2 lb. w e i g h t  

Time-of-*act on such a source can be detected 

T e s t  Results, General 

Results of t es t s  perfamed under various conditionr 

with various materiais, sources, UnG & Z e c Z ~ r s  zze tyAicared 

Figs. 2 thru 18, 

be for  geophone or accelerometer, is shown i n  Fig. 1. Record- 

ings of received signal were made using a Tektronix 535 oscillo- 

scope and a Polaroid camera. In most cases, the oscilloscope 

ve r t i ca l  gain w a s  adjusted as high as practical, depending on 

The receiver amplifier system used, whether it 

1: 794 , 36-3 
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background acoustic noise. 

oscilloscope was synchronized by use of a "wire-break" method, 

the wire being located very near the explosive. 

dropped weight ar eource, the synchronizing signal came from an 
accelerometer mounted on the weight. 

"wire-break" wa8 found to be considerably more accurate and 

repeatable than that from the mounted accelerometer. 

When using the explosive oource, tha 

when using 

Synchronization from the 

The results shown in the aforementioned figures were 

selected as being the most representative and informative of a 
much larger number of tests. 

available in the "rad' data form; many of these were made for 

Results of the other tests are 

interpretation studier. 

Host of the cmditions usder &ich the data cc Figs .  2 

thru 18 were taken are indicated on the figures. 

discussion as to tbe purpose, significance, and interpretation of 

these tests is given in following paragraphs. 

Emever, further 

Surface Test8 

The tests shwn %n Figs. 2, 3, and 4 were performed 00 

a dry, sandy, roadbed. The test in Fig. 2 was made to determine 

the actual velocity of the material and fram this test the com- 

2ressional wave (P-wave) velocity was estimated at 950 ft/sec. 

In this case one (1) X-31lB explosive source was buried 6 in. 

deep. 

that the explosive source and holder were located on the surface. 

Data in Fig. 3 was made under the same conditions, except 

1: 7 94 . 36-4 
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In t h i r  case, it may be noted that  rather high amplitude and high 

frequency energy waa detected a t  times corresponding t o  the a i r  
wave velocit]r, maki&g it d i f f icu l t  t o  detect the tlme-of-arrlva& 

of .grouad wave energy, 
The t e s t  indicated i n  Fig. 4 was made t o  determine 

whether or not location of the spacecraft legs in the p rox ld ty  

of the source and one detector could be tolerated. The acowtic 

path through the spacecraft was simulated by use of a tr ipod mad. 

of 3/4  in. s t e e l  pipe. 

trace) ehws considerable energy arriving a t  the second detector 

which had t o  have traveled the metal path due t o  i t s  ear ly  

arrival. 

*tE? and Hl,thg~?t the "spscecrsfC' legs. 

nate this prcb lm by tzoustic decoupling Z t h o d s  within the space- 

craft legs would be impractical. Thus, ir: has been recammended 

that the source be located under the spacecraft and approximately 

equi-distant from the three leg#. In thlr arrangement, the first 

detector would be mounted near one leg and the other mounted i n  
the surface denritp device and located reveral f ee t  beyond tho 

The signal from Detector No. 2 (upper 

0 Fig. 4 and Fig. 3 offer a direct comparison or' signalr 

It is fe l t  t h e  t o  e l i d -  

r'iroc 

Figr. 3 thru 8 indicate conditioru aad r e ru l t r  of tertr 
on A concrete rlab. Fig& 5 and 6 offor a campariron of  tho 

r ignrlr  rocordod when t%mmmr'' roureo l r  d h a t o d  rgrinat tho 

rurface and againrt tho odge of tho rlrb, The "kmmr'@ war 

2 lb. weight with impact velocity roughly equivalent t o  1 it. 

1:794,964 
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f ree-fal l .  

since some variations w i l l  be found due t o  changes i n  scape 

synchronization and s ignal  generated with different  haxmner blows. 

The first detectable energy in Fig. 5 would indicate approximhte 

velocity of 8300 f t /sec.  However, it may be noted that Fig. C 

offers  velocity measurement of approximately 16,600 f t /sec.  

would indicate that  compressional wave energy is not detected in 

the f i r s t  case, but is readily detected with the hamner b l a r  

against the edge. The relat ive amplitudes of the f i r s t  half cycles 

of signals i n  Fig. 6 indicate an apparent increase in signal w i t h  

distance. 

of the geophones t o  the indicated frequencies, and t o  the 

separation (in time) of the P-wave and Rayleigh wave energy wit% 

distance traveled, 

Three repeat photos are indicated for  each hamner test 
1 

T h b  

This is probably due t o  the difference i n  sens i t iv i ty  

Fig, 7 offers resul ts  of the same set-up as Mg. 5 except 

that the open-type explosive source is substituted for the w e i g h t  

drop. 

8300 f t /sec.  velocity. 

H e r e  again, f irst-detected energy indicates approximately 

Verification of both the Rayleigh wave and P-wave 

veloci t ies  can be seen in ~ i g .  8 W F p r t  ~ c e ~ ~ e z ~ a ~ t ~ ~ z  szg 

with the explosive source. Here, the very-high-frequency, low- 

q l i t u d e  P-wave is indicated 00 both accelerometers as w e l l  aa 

the high-amplitude, lower-frequency Rayleigh wave, havins 

veloci t ies  of approximately 16,600 and 8300 f t /sec.  , respectively. 

It is f e l t  that  tSe concrete slab represents about the 

1 : 794.3606 



poorest condition one m i g h t  encounter fo r  generating P-wave 

energy i n  a frequency range suitabie fo r  a geophone. 

the P-wave energy here is too high i n  frequency fo r  the geophone. 

In such materials as concrete, the accelerometer has the advantage. 

However, the advantage is not considered strong enough t o  offset 

Obviously, 

the problems with the accelerometer in low velocity materialr. 

With the geophone i n  the concrete, one can a t  least be assured of 

detecting Rayleigh wave energy which, with experience and 

possibly other information, map be recognized as Rayleigh wave, 

allowing a valid velocity determination. 

of the type of wave, one has an error of approximately +9rix (or 

-47X, as the case may be), assuming P-wave t o  mylei@ wave 

velocity r a t i o  t o  be 1.9. 

With a misinterpretation 

Figs. 9 thru 12 are resul ts  of tests made oc a clay type 

sot1 where considerable moisture w a s  present except i n  the top 

two or so inches, the surface being qui te  dry and cracked. Sur- 

e.,-.. LIA.,....eCLI..-h- a a~--&- -------*-- * c - # -  ---- -y.-uu-uLo a'iurcars appLuAuuairLy L L ~ V  LIS. v r i u c 5 i .  

(Downhole measurement, Fig. 18, indicates velocity of U S 0  ft/sec.) 

Fig. 9 and 10 offer a comparison of s'ignals from verti- 

cal +act as anainst - horizontal impact. Since no essent la l  

change is  indicated (other than amplitude), one would assume the 

detected energy t o  be P-wave. 

Substitution of the open-type explosive suurce for the 

hanmer offers the signals recorded i n  Fig, 11, It may be noted 

here tha t  the apparent signal frequency is higher than d t h  the 

1: 794.36-7 
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h e r  source and tha t  the first half cycle (positive) on the 

second detector is hardly detectable. 

detector signals is  helpful i n  making the interpretation. 

record offers an explanation as to why it is desirable t o  u t i l i z e  

the highest detector amplifier gain practical ,  limited only by 

Comparison of the two 

This 

background acoustic or  electrical noise, 

Fig. 12 is the recorded signal fo r  the same conditions a8 

Fig. 11, except +bat accelerometers are used instead of geophones, 

Here the f i r s t  half cycle on the second detector is los t ,  The most 

accurate and valid measurement here would u t i l i z e  the distance t o  

the f i r s t  detector and the time of the first recorded signal on 

tha t  detector. 

Fig. 13 and 14 indicate resu l t s  from tests i n  loose, dry 

sand. This material, having velocity lower than a i r ,  required in- 

ser t ion of a s t e e l  p la te  as shown i n  Fig. l3 t o  prevent receptiou 

of the first a r r iva l  a i r  wave, both with explosive source and hamper 

type source. In the case of the h-r type source, the impact 

against the sand generated signals too l o w  i n  frequency t o  be u t i -  

l ized f o r  velocity measurements with the pract ical  limitations in 

spacings i n  the lunar application, However, it was  found that an 

impact against a smallmetalic p l a t e  res t ing on the surface gene- 

rates usable signals. The impact against a plate  a lso generates 8 

rather strong air wave, similar t o  that generated by the expbs i tn  

source. 

and between the source and detectors, all- measurements of sand 

velocities, even in air. The velocity of the sand was determined 

Insertion of the high density steel p la te  near the source, 

e 
1: 794.36-8 
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t o  be approximately 550 ft/sec. 

14 and was  a lso verified by vertical and lateral hamner impacts, 

This i s  indicated in Figs. 13 and 

In  Fig. 13, the strong negative going "breaks" are the 

responses from signals traveling i n  the sand. 

here that  the geophone connections for tests of Figs. 13, 14* 

and 15 w e r e  i n  reverse polarity from those used i n  a l l  other geo- 

phone tests herein shown.) The relatively l o w  amplitude positive- 

going first "break" i n  Fig. 13 is due t o  arrival of a weak air- 

wave, the path of which was around the edges of the steel plate, 

possibly reflected by the w a l l s  of the container. 

The amplifier gains used i n  Fig. 13 and several other 

(It should be noted 

t e s t s  indicated i n  th i s  report are obviously much higher than was 

Iiecessary, or even desirable, fo r  the conditions of the parisicular 

test. 

on the lunar application w i l l  not Le  knwn and amplifier gain 

adjustments w i l l  not be available, it is considered necessary that 

However,  since the conditions of the material t o  be tested 

these tests be run w i t h  the highest possible gains, limited only 

by ecoustic b-ackground noises. 

In  anticipation of problems w i t h  the open-type explosive 

source holder when ressed in vacuum, an eiichs-tim ~ m i s % s e k i g  GE 

an aluminum housing, but with a rubber hemisphere for contact to 

the surface, was tested i n  the sand and OII the concrete slab. 

Results of these tests are indicated i n  Figs. 14 and 15. 

I4 and 13 were under similar conditions except for the enclosure 

Fig. 

1: 794 . 36-9 
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of the source. 

8 factor of 2.) 

except f o r  the enclosure. 

major loss of data in Incurred by the Insertion o f  th8 rub- 

between the source and the surface, a t  leas t  not in 10088 m a d  

nor in the concrete slab. 

(The time-scale on the records were different by 
Fig. 15 and 7 were also under similar condltioar 

These two compari~ons Indlcrte that no 

The breadboard design Iacorporated geophone w i t h  th. 
eurface density unit ao second detector. The geophorm in thi8 

assembly was compared wlth a separate geophone by placing them 

side by s ide on the ground and looking fo r  wave shape difference 

i n  the first cycle of a signal from a haumer impact. 

0 nif icant  difference was  indicated. This test included plac-t 

An inrrig- 

of the d e n s i t y - g e q 3 ~ ~ 1 ~  combination such that the geopbiii was 

positioned OS vert icd z s  such 3s Q5*.  

considered minor. 

The effecta noted weza 

Subsurface Te8tr  
--w _- 

The source holder used in the downhole ecoustic tests 

was the open type. 

used i n  surface measurements, but containing a 1-112 in. hole, 

and a stack of Austin chalk and Carthage marble rocks, as shown 

i n  Fig. 16. 

meter. 

accelerometer, the exchange made because of physical dimeastoo 

The materials tested included the moist clay 

The detector used was an Endevco Model 2213 accelero- 

The final breadboard sonde contained a Model 222lC 

and environmental problems w i t h  the Model 2213. 
* -  a 

1 : 7 94.36- 10 
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Fig. 17 

t o  those i n  Fig. 

shows resul is  of t e s t s  under conditions similar 

16, except that  a layer  of sand, 1-1/2 in. thick, 

was  placed on the "surface". 

the 3-1/2 f t .  depth (0.6 - 0.33 = 0.27 m s  f o r  1-1/2 in.  of sand) 

corresponds t o  approximately 460 f t /sec.  velocity fo r  the sand. 

The layer of sand above a high velocity, high density material, 

plus the discontinuities a t  1 ft. intervals  due t o  the stacked 

blocks, are considered to  be as detrimental fo r  this measurement 

as one can ant ic ipate  as far  as energy level  is considered, 

The difference i n  travel time to  

Signals i n  Fig 18 indicate the resu l t s  of subsurface 

These are considered idealized signals and tests i n  moist clay. 

indicate the advantage gained when the source can be directed 

toward the detector (as ccnpared t o  the swface measurement). 

Several other tests w e r e  perf@-d w i t h  the sonde, the 

resu l t s  of which are not attached (but ate available in s l ide  

photographs). 

'buried in ioose sanci approximaceiy i fic. deep. 

found t o  be very sensit ive t o  f i r s t  a r r i v a l  energy from hamner 

impacts on the surface for  lateral distance of at least 2 f t ,  

In one case the acoustic section of the sonde was 
m m e  unit was 

0 -  mlgjrL --__ \;L=asi-a~ ------E --e *==*_AI rl-e tn  l l m Z + n A  sample *+=e; 
W S L S  ..YC C I Y C I I  --- -- ------ ---- 

however, no problem is anticipated here. 

Tests were made t o  deternine i f  a problem would be 

encountered due t o  azimuthal direct ivi ty  of the sonde detector 

re la t ive  to the direction t o  the source. T e s t s  i n  the 1 f t .  

cubes of rocks could not be conclusive due t o  the close boundaries. 

1:794.36-11 
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However, tests i n  the moist clay indicated some direction semi- 

t i v i t p  a t  depths near 1 f t .  o r  less. 

located on the borehole wall opposite the source, there i r  8 

slight delay i n  firet-arrival time and eone loss i n  amplitude. 

Bel- the depth of 1 f t . ,  there was l i t t l e  or no effect  due to  

When the detector i r  

rotat ion of the sonde. 

The original  plans to use A miniature geophone i n  tho 

downhole sonde have been canceled. 

operational fa i lures  made it  undesirable t o  pursue t h i s  further. 

Manufacturing probleim p h  

Also, the f a c t  that the source is directed more or  less  toward 

the detector i n  the subsurface application, offering relat ively 

high amplitude and high frequency signals a t  the sonde, allowr 

sat isfactory detection with an accelerometer. 

Investigation of t k  signal recrtved when Zhe wo-iltitic 

detector f a i l s  t o  make direct  contact with the w a l l  indicated 

that the received signal under t h i s  condition is considerabli 

reduced i n  amplitude and frequency from that  received when the 

detector is i n  good contact. It is  a s s 4  that comparison of 

signals fo r  various depths w i l l  allow elimination of those taken 

under the iino-contac t" condition. 

Additional Tests and Comnentr 

Several other tes t s  were made, the resul ts  of which are 

not attached i n  th i s  report. (However, original data sheets and 

films on these arc available.) Attempts were aura t o  elLmiMta 
a i r  wave by placement of large amounts of glass wool on the 

1:794.36-12 
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surface Over the area of test, 

reduced by th i s  method. 

The a i r  wave w a s  only par t ia l ly  

The use of a high density plate was 

found t o  be much more practical. 

Several designs of enclosed source holder w e r e  tested. 

One factor learned from these was that  the explosive gases should 

not be highly confined. Provision for reasonable venting is 

needed t o  assure against physical destruction of the holder. 

Some testing with the downhole sonde w a s  done t o  deter- 

mine i f  the "short circuiting" of acoustic energy through the 

mechanical attachment t o  the sonde would be a problem 

rod, used t o  manipulate the sonde, was held against the side of 

the borehole a t  the top of the hole w h i l e  hammer impact signals 

The 1/4 in. 

w e r e  induced at the surface near the hole, and detected a t  the 

oede. This wzs done both i n  hard reeks EZX! 5~ the mist c lay  

hole. There w a s  no apparent effect .  However, it  may be noted 

i n  Fig. 18 for  the signal a t  3-1/2 f t .  depth (with the explosive 

source) that  a low-amplitude, high-frequency signal is indicated 

very shortly before the main f i r s t  break. 

t o  acoustic energy traveling the sonde and rod path, 

case, no problem exiscs in inrerpmztaCiun SGZYZZ, ~ 2 2  2~ 2% 

believed that  the decoupling and f i l t e r i n g  which ex is t s  along 

This is possibly due 

In this 

the smde path and in the accelerometer mount w i l l  normally allow 

different ia t ion between a sonde path signal and the correct 

signal. 

The problem of recognizing whether or  not P-wave (* 

1: 794.36-13 
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(compressional wave) energy is being detected i n  the surface 

measurement has not been completely and sat isfactor i ly  resolved, 

Apparently, i n  l o w  velocity materials (and thus l o w  frequency 

signals) the P-wave energy is  readily detectable and interpre- 

ta t ion i n  th i s  range would normally assume P-wave. 

high velocity materials, the P-wave energy traveling l a t e ra l ly  

across the surface is  of such high frequency and l o w  amplitude, 

and attenuates so rapidly, that  its detection is  not assured. 

(The Rayleigh wave i n  such case should be detectable.) Thus, 

determination of the velocity arid the type wave should be done by 

an experienced interpreter. 

test would offer confirmation of interpretation of surface data. 

Xowever, in 

A successful subsurface acoustic 

0 
The list of equipment used in tes t ing and test procedures 

~ 2 2  outlined in a previous report, "Outlines of Breadboard T e s t  

Experiments", and w i l l  not be repeated here. Also, interface 

data were given i n  a previous report, "Physical Parameters 

Instrumentation for  Surveyor, Interface and Descriptive Infor- 

mation", b t e d  April 21, 1961. One major change since this 

report was the replacement of the downhole miniature geophone 

with an accelerameter, 

Also, it has been found desirable t o  use spacings for 

surface measurements that.are in the minimum range of those out- 

lined in aforementioned reports. In fac t ,  i f  it become8 

desirable, for  other reasons, t o  use spacings as short as 3 f t .  

(3 f t .  between source and Detector No. 1 and 6 f t .  between source 

1 : 7 94.36- 14 
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and Detector No. 2), thia would be considered penniaaible. 

elight 1099 in  t M n g  accuracy m u l d  be enccgzitered in the high 
velocity range, but confidence in validity ossuld be improved. 

A 

Design drawings for the Surface Density - Acoustic 

Detector combination, and for the subsurface sonde (including 

dawnhole acoustic detector) w i l l  be supplied to Jet Propulsfon 

Laboratory under separate cover. 

1 : 7 94.36-15 



I 
i 

e 

Vn: 0-14 
1 - 1  1: 50 

TO 
Scope 

Geophone Amplifier System 

Accel. 
Endevco 1 2213 1 Endevco 

2607 
Gain = 

100 

Vn: 0-14 
1: 50 

Accelerometer Amplifier Systen . 

TO 
.SCOp8 

FIGURE 1 

DETECTOR AMPLXFIER SYSTEHS 
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Acceler m e  ters 
5 ft. -% 

6 1  
D r y  Soil 

- f * -*@'\ Explosive 
Source 

Sweep: 2 ms/div. 

h ter ia i  veiocity: 9% ftjsec. (P wave) 
Measwed Velocity: 950 ftjsec. (P wave) 

Scope S e m i . :  0.5 v/div. 

FIGURE 2 

BURIED SOURCE - ACCELEROMETERS - DRY SOIL 

1:794-!54 
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Accelerametera 

Dry Soi l  

Sweep: ;Z mjd*va  
scope send: 0.5 v/div. 

Material Velocity: 950 ftleec. (P-wave) 
Hemuted veiocitp: 1100 ftlsec. (Air  wave) 

1:794-55 
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Det. f2 

Det. 01 

i 

1:794-S6 
1: 7 94 , 36-19 



. 

I .  

2 lb. weight 

Concrete Slab 

he?: 0.5 mofdiv, 

Material Velocity: 16,500 ft/aec. (P-wave) 

Measured Velocity: 8,300 ft/sec. (Rayleigh Wave) 

Scope Senri: 0.1 v/div, 

8,500 ft/sec. (Rapieigh) 

1: 7 94-57 
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Geophones 

_o 5 f t ,  5 f t ,  

Concrete Slab Weight 

Sweep: 0.5 ms/div. 

Naterial Velocity: 16,600 ft/sec. (P wave). 
Measured Velocity: 16,600 ft/sec. 

Scope SensL 0.1 v/div. 

LATERAL WEIGHT - CONCRETE 

1:794-58 
I: 794.36-21 
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-- 

Concrete Slab 

Sweep: 0.5 M/dlv. 

mteriai veiocity : i 6 , w u  ftisec. (P-wave) 
Scope Semi: '0 .2  o/div, 

Measured Velocity: 8,300 ft/rec. (Rayleigh) 

FIGURE 7 

EXPLO!3IVE SafRCg - CONCRETE - GEOPHONES 

1:794-59 
1: 794.36-22 



I 

Accelerometer8 

Concrete Slab 

Sweep: 0.5 -/dive 
Smpe Semi: 0.5 v/div. 

Material Velocity: i6,eOO ftjsec. \r 8- ------I w a i o j  

Heasured Velocity: 16,600 ft/sec. (P-wave) 
8,300 ft leec.  (Raylelgh) 

1:794-60 
1:794.36-23 

as- 



Sweep: 5 w/div. 
Senei: 0.5 vfdiv. 

Sweep: 2 ms/div. 
Semi: 0.2 v/div. 

Sweep: 2 ms/div, 
Sensi: 0.2 v/div. 

Moirt clay 

Sweep: (Givan above) 
Semi: (Given above) 

Material Velocity: 1250 ft/sec. (P-wave) 
Measured Velocity: I250 ft/rrec . (P-wave) 

FIGURE 9 

U E I a  DROP - HOIST CLAY - GEOPHONES 

1~794-61 
1: 794 36-24 



Sweep: 5 rns/dlv. 
Ssns i :  0.2 v/div,  

Sweep: 2 ms/div. 
Sensi:  0 .2  v/div. 

Sweep: 2 ms/dIv. 
Sensl: 0.2 v /div ,  

kfoist clay 

Sweep: (Given abwe) 
Sensi: (Given above) 

Material Velocity: 19% Zelsw. 
Heasured Velocity: 1250 ft/sec. 

FIGURE 10 

LATERAL WEIGHT 0 MOIST CLAY - GEOPHONES 

1:794-62 
1: 796 36-25 



a 

explositt. Ceophunu 
n 

/ / I I / I I / /- 
S K C '  5 ft. 5 ft, 

Moist clay 

Sweep: 2 pDg/div, 
Semi: 0.2 v/div, 

Material Velocity: 1250 ft/eec . (P-wave) 
Hearured Velocity: 1200 ft/8eC, (P-wave) 

FIGURE 11 

EXPLOSIVE S-B - MOIST CLAY - GEOPHONES a 
1: 794-63 
1:794.36-26 
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a 

. .  

Bxploaiprr Accelerometera 

- 5 ft- n s ft. n Sac. 
/ I / / / / / 

Moist Clay 

Sweep: 2 ma/div, 
Semi: 0.S v/div, 

Material Velocity: 1250 ftjsec. (P-wave) 
Measured Velocity: 1000 ft/sec. e At 

1250 ft/sec. 1st receiver 

FIGU'RB l2 

EXPIASrVe SOURCE - MOIST CLAY - aCCetEI1CMETERS 
1:794-64 
1 : 7 94.36-27 
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t 

. .  
I .  

y 1/4 in, steel plate, 32 in. wide, 43 In. high. 

4 
Sand - 16 In. deep 

3 Et. 

3 ft, 

Source-to-R1 = 1 ft. 

R1-to-% = 1 ft, 

EXPLOSIVE SOURCE - DRY SAND - CEOPHONES 



No 6. 

Geometry, material, and detectors, sake as in Fig. 13. 
Explosive source is mounted in metal-rubber enclosure. 

a 

Sweep: 2 ms/div. 
Sensi: 0.5 vldiv. 

Material Velocity: 550 ftlsec. (P-wave) 
Xea8ured Velocity: 300 ft/sec. (discounting a h  wave 

on detector No. 2) 

FIGURS 14 

ENCLOSED EXPLWIVE SOURCE - DRY SAND - GEOPHONES 

1: 796-66 
1 : 7 94.36-29 
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1: i%-67 
1:794.36-30 
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'$ Austin chr k 
f i  1 f t .  cubes 

' 4 '  I&/ 
dl ! 

( I  i 

I '  i 

. , 1;i 
--r 

. .  

Sweep: 0.1 msldiv. 
Multiple Sensitivity: 

Material: 
1.0 and 0.1 vldiv. 
Austin chalk and Carthage marble 

Fiript Arrival Time, 1 ft;: 0.12 ma. 1 

Austin chalk = 10,000 f t / a e c .  
Carthage Marble - 13,500 ft/sec. 

* e & % &  
3.3 & L o .  0.53 36. 

Measured Velocity: 

FIGURE 16 

DOWNHOLE VELOCITY - HARD ROCKS - EXPLOSIVE SOURCE a 
1: 7 94-48 
1: 794.36-31 

3 3  -- -- 



Test Conditione: 
of dry sand placed on top rock, under explosive source. 
of detector was 3.3 ft. plua the 1.5 in. of sand. 

Same a8 In Fig. 16 except that 1.5 in. layer 
Depth 

Sweep: 0.1) tm/div. 
Multiple Sensitivity: 2.0 and 0.2 v/div. 

F i r s t  Arrivul Ptck: 0.6 ma. 

FIGURE 17 

DWh3lOLE VELOCIm - HAIU) ROCKS 
SAND SURFACE 

EXPLOSIVE SOURCg 

1:794-69 
1: 7 94.36-32 
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# *  

\ 
\ 

uoiet Clay' 

Sweep: 1 rns/div, 
Multiple Sensi: 

Time Pick, 1 ft. Depth: 0.9 ma. 
3 f t .  Depth: 2.0 mo. 

Meaaured V e l o c i t y :  1550 ft/aec, 

1 ft. depth - 0.5 and 5.0 v/div, 
3 tt. depth - 0.2 and 2.0 v/dlv, 

FIGURE 18 

D W N X O U  VELOCITY - MOIST C U Y  = EXPLOSIVg SOURCE 

1: 7%-70 
1 : 794.36-33 
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